Inspection Receiver Tubes Device for CSP Plants  by Jalón, A. García de et al.
 Energy Procedia  69 ( 2015 )  1868 – 1876 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer review by the scientific conference committee of SolarPACES 2014 under responsibility of PSE AG
doi: 10.1016/j.egypro.2015.03.168 
International Conference on Concentrating Solar Power and Chemical Energy Systems, 
SolarPACES 2014 
Inspection receiver tubes device for CSP plants 
A. García de Jalóna* , D. Péreza, P. Benitoa, F. Zaverskya  
aCENER (National Renewable Energy Centre), Solar Thermal Energy. C/ Ciudad de la Innovación, 7; 31621 Sarriguren (Spain) 
Abstract 
The National Renewable Energy Centre (CENER) has developed an inspection system called ITR (Inspection Receiver Tubes) to 
measure the glass surface temperature of receiver tubes in thermal solar plants. This development has been performed in order to 
facilitate performing maintenance operations on the surveillance state of receiver tubes and its degradation over time due mainly 
to the vacuum losses inside the tubes. The inspection system ITR performs measurements of the glass surface temperature of the 
receiver tubes on a moving vehicle in a fast thermography process. Software has been developed to calculate the temperature of 
each glass tube from videos of IR thermography images. Depending on the temperature measurement value, the software 
classifies tubes in three different states corresponding to three colours: green (ok), orange (regular) and red (Not ok). In this 
paper, a validation study has been performed regarding glass temperatures measured at ENEA Soltherm loop facilities composed 
of two parabolic trough collectors of 12 receiver tubes each. The comparative study was carried out by measuring manually the 
glass temperature of some representative receiver tubes and by comparing the results obtained after having measured the same 
receiver tubes with the inspection system ITR. 
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1. Introduction 
In Spain during the last years more than 2,000 MW of concentrated solar power (CSP) plants have been installed 
and 1,000 MW are still under construction or commissioning. Other markets such as USA, North Africa, South 
Africa, India, China and Australia are under development. Many thousands of MW of concentrated solar power are 
under construction or under development.  
CSP plants apply different maintenance and quality plans in order to optimize the correct operation working 
conditions to increase the efficiency of the thermal plants. Several activities are done frequently in order to take care 
of important properties like for example, level of dust, level of reflectance of mirror or the level of vacuum receiver 
tubes. In the last years specific tools appeared to evaluate some of these properties to help the application of the 
maintenance and the quality plans. 
The heat loss from the vacuum tubes is an important issue for the CSP plants operators. If the level of vacuum is 
reduced then the heat losses will increase considerably and the production of the loop will be reduced. Two possible 
effects could influence on the heat losses: the hydrogen appearance and the breaking of the tubes from the glass-
metal junctions. 
There are is nowadays in solar thermal plants different equipment to measure the surface temperature of glass 
tubes like thermocouples, infrared thermometers or infrared cameras. The thermocouples can be used for measuring 
high temperatures but it is necessary to be in contact with the surface. The infrared thermometer is a useful tool for 
non-contact measurement but it is a very punctual system and could take a lot of time to determine the average 
temperature of one receiver tube. However, an infrared camera provides a quick thermal image of big surfaces 
without any contact. In 2006, NREL [1] developed a device for measuring receiver glass temperatures using an IR 
camera. The equipment allowed two people to image up 5.000 receivers in a single day. CENER has developed a 
new device called ITR which allows one person to record thermal videos to determine in a quicker way with specific 
software the glass temperature of receivers tubes.  
This paper will describe a terrestrial mobile device to determine in a fast way the surface temperature of receiver 
glass tubes of CSP plants. This temperature will be a good indicator to evaluate the state of tubes of one loop, 
subfield or the full solar field. 
 
Nomenclature 
H glass emittance [-] 
Omax maximum wavelength [Pm] 
t11 glass temperature at position right up of the receiver tube [ºC] 
t12 glass temperature at position right down of the receiver tube [ºC] 
t21 glass temperature at position central up of the receiver tube [ºC] 
t22 glass temperature at position central down of the receiver tube [ºC] 
t31 glass temperature at position left up of the receiver tube [ºC] 
t32 glass temperature at position left down of the receiver tube [ºC] 
T temperature [K] 
v1 glass temperature in video number one[ºC] 
v2 glass temperature in video number two[ºC] 
v3 glass temperature in video number three[ºC] 
Xm glass temperature average of tubes by manual measurement methodology [ºC] 
Xitr glass temperature average of tubes by ITR measurement methodology [ºC] 
2. Theory 
Any object emits infrared radiation according to its superficial temperature according to the black body theory. 
The wavelength of this emitted radiation depends on the temperature. 
According to the Wien displacement law, the maximum radiation move towards shorter wavelength as the target 
temperature rises (OmaxT = constant). With the Inspection Receiver Tubes system (ITR), the object target is the 
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receiver tube glass cover at a temperature around 40ºC, the radiation emitted will have a maximum wavelength 
Omaxis 2898/T = 2898/(273.15+40) = 9.25 μm which is between the spectral range of the IR camera 7-14 μm. 
As it is shown in Fig. 1, the radiation from the tube reaches the IR camera via the atmosphere. The signal is 
converted to value of superficial temperature of the glass tube assuming a value of the glass emittance H. 
 
Fig. 1 Scheme of Thermography theory 
3. Methodology 
In all CSP plants several maintenance operations are performed. One of these operations is to measure frequently 
the surface temperature of glass tubes in order to identify broken pipes or tubes with high rates of loss of vacuum. 
This surveillance operation of the tubes is important because it will influence the efficiency of the plant and 
therefore the difficult decision of stopping the plant to replace the receiver tubes in bad conditions. 
Under these conditions, the Measurement and Characterization unit of the Solar Thermal Energy department of 
CENER (National Renewable Energy Centre) has developed a field system of Inspection of Receiver Tubes (ITR) in 
order to determine a ratio of thermal losses of each tube measuring the surface temperature of the glass envelope by 
thermography based on an NREL report [1]. The main functional characteristics of the developed system are: 
terrestrial mobile system easy to install on any platform, historical data base and system integrated in such way that 
a person is able to operate in field. The main components of the developed system are: IR thermal camera, 
computer, orientation and stabilization device, elevation mast, monitoring controllers, image processing and 
software to determine the surface temperature. The key components of the developed system are the IR 
thermography camera and the laptop. The thermal IR camera should meet important requirements such as: 
resolution 640 x 480 pixels, spectral range 7-14 μm, view angle > 24°, IR video recording, acquisition frequency 25 
- 50 Hz, auto-focus and associated image processing software. The minimum requirements of the laptop should be 6 
GB of RAM, GigaE card, dual core processor 2 GHz and hard disk if possible solid state with 128 GB. All these 
components will be assembled in a vehicle in order to make thermal IR records in movement. 
The measurement method consists of a video recording IR images along the half-loops. Once the necessary 
components have been integrated into the vehicle, the vehicle goes parallel to the direction of the half-loop at a 
maximum distance of 4-5 m and at approximately at 15-20 Km/h in such way the receiver tube is always centered 
on the image. The videos have a size of > 2 GB for one half-loop composed by 72 tubes of 4 m with a duration of 1 
minute. 
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With ITR system the thermal IR videos are processed in two main steps: 
 
x FIRST STEP: TUBES IDENTIFICATION. An automatic analysis of the images is performed to identify 
the number and the location of tubes on each semi-loop. With the help of the algorithm that we have 
developed, we process each frame individually so we can identify its content and classify it as a tube (0), a 
joint between tubes (1) or the sky (2). With each frame classified in that way, is trivial to estimate which 
parts of the video belong to each tube, where they start and where they finish (See Fig. 2). The classification 
process of each frame is as follows: As the video is recorded in a car moving in parallel to the loop, the 
sequence is basically a series of tubes moving horizontally. This implies that the thermal information of each 
frame is mainly contained in the horizontal direction. As each frame can be considered as a matrix of data, 
we extract from each column the most relevant pixel, so we convert a 2D array into a 1D array, simplifying 
the analysis problem. Then the algorithm computes the average, the median and the standard deviation of 
this 1D array. We have observed that there is a direct relationship between those values and the content of 
the frame: For example, a frame pointing to the sky has a low average, but a joint between tubes has a high 
standard deviation. So based on those three values, the algorithm classifies a frame as tube, joint or the sky. 
In certain situations (bumps, reflections, etc.), the values of the average, the median and the standard 
deviation can change rapidly from one frame to the next one, confusing the algorithm and giving errors in 
the frame classification. In order to minimize this effect, we smooth over time the calculated values prior to 
the final classification. 
 
Fig. 2 Example of Tubes Identifier process  
 
x SECOND STEP: DETERMINATION OF THE GLASS SURFACE TEMPERATURE. Once the tubes 
have been identified, we process the images to obtain the profile of the measured glass temperature at three 
different points located in one central frame of each tube. The final temperature value of the glass surface for 
each tube will be the average of the temperatures obtained in the processing of the frame of each tube (See 
Fig. 3). 
 
These two steps have been integrated in specific and automatic software in order to enable one person to record 
videos and to process the images in solar thermal plants. The technician will be able to know in real time the 
temperature of each tube just clicking one button and choosing the video to be processed. 
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Fig. 3 Example of the typical temperature profile of the surface glass with unfocussed loop 
 
4. Tests performed 
Within the SFERA II project PATCH (Parabolic Trough Characterization registered as P1404300068), some tests 
have been performed in order to validate the software ITR to measure the surface temperature of glass in the solar 
thermal molten salt ENEA’s loop (SOLTHERM). 
This ENEA facility consists of one row of high-temperature parabolic trough collectors of 100 meters using a 
binary component salt (60% of Sodium nitrate and 40% of Potassium nitrate) as the heat transfers fluid in order to 
operate up to 550°C. In operation since 2004, it is made of a fully instrumented (flow rate, pressures, temperatures, 
etc.) closed loop with molten salt storage (5 m3 useful volume), electric heaters and salt-to-air heat exchanger. 
The ITR system was assembled on a vehicle (See Fig. 4) in order to capture thermal images of the complete 
defocussed loop operating at inlet temperatures of 350 °C and flow rate of 6 kg/s to further determine the surface 
temperature of each glass tube. There were also manually surface measurements at various points of glass tubes with 
a contact thermocouple in order to compare the obtained temperature values of glass between the manual and the 
mobile used methodologies. 
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Fig. 4 On the left the technician is adjusting the IR thermal camera and on the right the technician is assembling the ITR system on a vehicle 
 
Manual measurements were performed with a calibrated K contact type thermocouple. Some points were 
measured along the tube in the top and in the bottom of 10 representative tubes of the full 24 tubes installation as 
shown in Fig. 5. After analyzing the measurements, the maximum temperature differences observed in the same 
tube were up to 8 °C. This dispersion was mainly due to the wind speed recorded at the time of the measurements 
which continuously varied between 1 and 6 m/s. 
 
 
Fig. 5 Manually measured points in one receiver tube 
 
Then to manual measurements, three thermal IR videos were recorded to all the pipes of the SOLTHERM 
installation operating in the same conditions as we did previously with the manual measurement method. The 
thermal IR camera was moved parallel to the direction of the tubes on a vehicle at a speed of 15 km/h. The duration 
of each video was approximately 24 sec and the camera was configured with a selected glass emittance H of 0.86. 
The results obtained in the three videos were very similar with maximum differences in the same tube up to 3 °C. 
These differences were again mainly caused by the wind speed recorded during the moment of the measurements 
which varied between 1 and 6 m/s. 
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The results of surface temperature of glass obtained in both measurement techniques are shown in Table 1: 
 
Table 1.Glass surface temperature results. 
 Manual measurements with thermocouple (ºC) ITR measurements with IR Camera (ºC) 
Difference (ºC) 
Tube t11 t12 t21 t22 t31 t32 Xm v1 v2 v3 Xitr 
1 36 39 37 40 36 39 39 37 37 40 38 1 
2 37 37 36 38 36 38 37 37 37 40 38 1 
3 37 39 36 39 38 38 38 37 37 40 38 0 
4 -- -- -- -- -- -- -- 37 37 40 38 -- 
5 -- -- -- -- -- -- -- 38 38 41 39 -- 
6 43 34 37 39 38 39 38 37 37 40 38 0 
7 -- -- -- -- -- -- -- 37 37 40 38 -- 
8 -- -- -- -- -- -- -- 38 37 40 38 -- 
9 34 42 36 39 36 39 38 37 37 40 38 0 
10 -- -- -- -- -- -- -- 38 37 40 38 -- 
11 -- -- -- -- -- -- -- 38 37 41 39 -- 
12 38 40 35 39 36 39 38 37 37 40 38 0 
13 -- -- -- -- -- -- -- 38 37 40 38 -- 
14 -- -- -- -- -- -- -- 38 37 40 38 -- 
15 39 38 39 44 38 43 40 37 37 40 38 2 
16 -- -- -- -- -- -- -- 41 41 43 42 -- 
17 -- -- -- -- -- -- -- 38 38 40 39 -- 
18 37 41 45 41 37 42 41 38 37 40 38 3 
19 -- -- -- -- -- -- -- 38 38 39 39 -- 
20 -- -- -- -- -- -- -- 36 38 41 38 -- 
21 45 39 37 42 40 43 41 38 38 40 39 2 
22 -- -- -- -- -- -- -- 38 38 41 39 -- 
23 -- -- -- -- -- -- -- 38 38 41 39 -- 
24 39 39 33 39 33 41 37 38 38 40 39 2 
 
 
 
 
 
The software ITR is also able to classify the tubes depending on the surface glass temperature in three different 
groups in order to have a visual and quick screen of the state of tubes (See Fig. 6). Depending on the temperature 
measurement value, the software classifies tubes in three different states corresponding to three colours: green (ok), 
orange (regular) and red (Not ok). 
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Fig. 6 Example of tubes classification depending on the surface temperature 
 
Comparing the temperatures obtained by the ITR system versus the manual measurement method, we can 
conclude that the results obtained by both measurement techniques were very similar. The maximum differences 
observed for the same tube by both techniques were up to 3 °C. 
Environmental conditions at the measurement time can be influential parameters in the results, especially the 
wind speed. 
5. Conclusions 
The Tubes Receiver Inspection System (ITR) developed by CENER gives results of measuring the surface 
temperature of the glass very reliable compared to other more conventional measurement techniques. 
The ITR system is able to determine reliably the surface glass temperature in movement at speed of 15 km/h. 
SOLTHERM loop installation composed by 24 receiver tubes with a full distance of approximately 100 meters was 
evaluated in just around 24 seconds. This measurement technique could be used in bigger solar thermal power plants 
with half-loops composed of 72 receiver tubes with a total distance around 300 meters which could be characterized 
in just around 80 seconds. ITR is a powerful device which is able to measure around 7000 receivers in a single day 
for one person. 
The determination of the surface temperature of the glass could be further used as an indicator to evaluate the 
thermal losses of each tube and therefore to calculate the efficiency of a solar thermal power plant. 
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